Summary. The choroid plexus and the third ventricle wall of the rat brain were observed by scanning electron microscopy.
Macrophage-like cells of wandering and phagocytotic nature were found by KOLMER (1921) on the choroid plexus of lower vertebrates. These cells, called Kolmer cells or, according to the designation by ARIENS-KAPPERS (1953) , Epiplexuszellen, were later also found in mammals (see SCHALTENBRAND and DORN, 1955) . Some transmission electron microscopic studies have been published on these cells (SANTOLAYA and ECHANDIA, 1968; CARPENTER, MCCARTHY and BORISON, 1970) .
Recently the scanning electron microscope has visualized the fine interior surface of the brain ventricles. The choroid plexus in the brain ventricle was observed with this microscope by SCOTT, PAULL and DUDLEY (1972) in man, by CLEMENTI and MARINI (1972) in the cat, by WEINDL and JOYNT (1972) in the monkey, cat and rabbit and by YAMADORI (1972) in the rat, but the Kolmer cells were not described by these authors.
In the present study the choroid plexus of rat lateral ventricle was observed by scanning electron microscopy. This paper will provide a first and detailed description of the surface fine structure of the Kolmer cells with special reference to their functions as macrophages.
The subsidial purpose of this paper is to present the fine surface view of the choroid plexus obtained by the critical point drying method as this valuable method was not applied in the previous, above-mentioned studies.
Material and Method
Male rats weighing 300-400g were anesthetized with ether and perfused from the left ventricle with Ringer solution and then with a Karlsson-Schultz buffer containing 2.5% glutaraldehyde, 1% paraformaldehyde and 2% sucrose. The brain was carefully taken out to be fixed in the same fixative for at least one week. Tissue blocks including either the choroid plexus of the lateral ventricle or the wall of the third ventricle were excised from the brain. The specimens were thoroughly washed in 133 water, post-fixed for 12 hrs in 1% OsO4, dehydrated with an ascending series of ethanol, dipped in amyl acetate and dried by ANDERSON'S (1951) critical point method using the apparatus devised by TANAKA (1972) . Coating of carbon and gold was made by vacuum evaporation on the specimens which were motor-driven in a combined rotating and rocking movement. An SSM-2 type scanning electron microscope (Hitachi) was used for observation with an accelerating voltage of 10kV.
Results
The surface view of the choroid plexus resembled a bunch of grapes, each grains corresponding to the ependymal cells (Fig. 1) . The individual cells are uniformly convex and are densely covered with microvilli, giving a velvet-like appearance.
In a vertically cut surface of the plexus one may clearly see that microvilli densely growing along the free cell surface form a layer of brush border. The microvilli which conspicuously vary in length and thickness extend in very irregular and twisted directions, as YAMADORI (1972) described. Rounded tips of microvilli occur numerously.
The boudary of the convex cells is represented by a rather unclear groove which is also covered by the microvilli of both bordering cells. Cilia-like structures may be seen only on occasional cells as YAMADORI (1972) reported. On the ependymal surface free cells with more or less long cytoplasmic processes are attached.
These cells, which correspond to the Kolmer cells or ARIENS-KAPPERS' Epiplexuszellen, are variable in distribution among individuals and among different sites in the same animal. Their shape also varies conspicuously from cell to cell. This makes it probable that the cells actively move and change their shape on the choroid plexus. The plymorphous Kolmer cells of the rat may be divided into two main types by the shape of the cell body and the processes emerging from it, though there are some transitional forms between the two types.
Type I cell Kolmer cells of this type are characterized by a cell body more or less strongly converging to a point and by a number of fibrous cytoplasmic processes radiating from its border (Fig. 2) . In the case having the most numerous processes 90 were encountered; if one takes into account that some processes may have been hidden under the cell body and thicker processes, the actual number of processes may be more. The fibrous processes of the Kolmer cells, which may be branched secondarily, extend over and among the microvilli of the ependymal cells. Sometimes a process Fig. 2 . Type I Kolmer cell. A number of fibrous cytoplasmic processes radiating from the cell-is attenuated in its tip like a web, which covers and attaches to the microvilli (Fig. 2,  insertion) . Type II cell In this type the cell has a rather flattened cell body of triangular or quadrangular look like the letters Y or I. The pseudopod-like processes tend to run in the grooves Thin fibrous processes emerge from the sides or tips of the pseudopod-like process.
These, like the fibrous processes of the type I cells, proceed among the ependymal microvilli.
The frequency of both types of Kolmer cells varied conspicuously among individuals. In some animals the cells represented almost exclusively Type I. In the ventral part of the lateral wall of the third ventricle, the ependymal cells were covered by relatively few cilia, and other surface structures such as microvilli and bleb-like protrusions were recognized. In this part cells identical in their shape and surface structure with the Kolmer cells of the choroid plexus were often found, though much less frequently than in the choroid plexus (Fig. 4) .
Discussion
The surface fine structures of the ventricle wall and choroid plexus were examined in previous scanning electron microscopic studies (CLEMENTI and MARINI, 1972; WEINDL and JOYNT, 1972; BRUNI and MONTEMURRO, 1972; YAMADORI, 1972; SCOTT, PAULL and DUDLEY, 1972) by air drying methods.
The present micrographs of the ependymal surface of the choroid plexus obtained by the critical point drying method seem to provide better preserved views of microvilli, as they are free of the sticky and suppressed appearance which characterizes the surfaces of specimens dried in air through volatile media.
The present scanning electron microscope study easily and unequivocally revealed the occurrence and distribution of the macrophages which KOLMER (1921) described and illustrated under the name of "Wanderzellen."
That the cell actually wander on the ependymal surface seems strongly supported by the variety of shapes they showed under the scanning electron microscope.
The phagocytotic activity of the cells has been known since ARIENS-KAPPERS (1953) proved it for the first time by injecting India ink into the ventricle.
The phagocytotic activity of the Kolmer cells has been confirmed also by transmission electron microscopy of thin sections (CARPENTER, MCCARTHY and BORISON, 1970) . As in many other cells, it is difficult to correlate certain surface structures of Kolmer cells to certain changes such as phagocytotic procedures taking place in the cell. GOODALL and THOMPSON (1971) , who studied the phagocytosis of latex beads by Acanthamoeba cells, found the profile correlating to the internalized latex bead under the scanning electron microscope. If the latex beads are injected into the ventricle and then observed by the microscope, further details may be elucidated on the process of phagocytosis in Kolmer cells.
FUJITA and his associates who observed the cut surfaces of the dog and rat spleen and dog lymph node by scanning electron microscopy clearly showed that large, spherical macrophages were fixed by some reticular fibers and the surface of macrophages was covered by bubble-or foliate-like processes (MIYOSHI and FUJITA, 1971; FUJITA, MIYOSHI and MURAKAMI, 1972) . On the other hand, peritoneal macrophages settling on the glass possessed, under the scanning electron microscope, thin fingerlike processes projecting out on all sides of the cell (CARR and CARR, 1970; ALBRECHT et al., 1972) . The processes of macrophages in the spleen and peritoneal cavity may be homologous to the fibrous processes of the intraventricular macrophages in the present case.
The Kolmer cells were divided into two main types for the convenience of description. The Type I cells which possessed only fibrous processes radiating from a centrally located cell body likely represent a resting stage of the cells, whereas the Type II cells with a few pseudopod-like processes, a moving stage. The delicate and very numerous processes of the former type whose tips are attenuated and attached to the ependymal microvilli may be possibly searching, in the bush of microvilli, for some minute foreign bodies to incorporate, though it seems unlikely that large-sized bodies could be taken up by such thin processes.
In any case the unusual development of elaborate processes in the Type I cells reflects a high specific activtiy of the cells.
Both types of Kolmer cells were sometimes found close to each other (Fig. 3 ). This may exclude the possibility that either type may represent an artifact caused by the cell reaction to the fixative.
The present study demonstrates that the Kolmer cells occur not only on the choroid plexus but also in other places of the ventricle wall. Thus, the name of "Epiplexuszellen" proposed by ARIENS-KAPPERS (1953) may be inappropriate.
It may be possible to imply that the Kolmer cells, originally belonging to the choroid plexus (KOLMER, 1921; BIONDI, 1934; ARIENS-KAPPERS, 1953; TENNYSON and PAPPAS, 1964; CARPENTER, MCCARTHY and BORISON, 1970) , secondarily have moved to other places. We are inclined, however, to think that the Kolmer cells only secondarily have gathered on the choroid plexus, possibly because they find more jobs than in other places and/or because they can live more comfortably with richer nutrition. The Kolmer cells seem to be scavengers belonging to the whole ventricular system.
